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Abstract

Additive manufacturing (3D printing), a novel near-net shape manufacturing technique, offers a
rapid and efficient way to fabricate complex magnetocaloric heat exchangers. However, the syn-
thesis of magnetocaloric powders with a small particle size, spherical shape and good magnetoca-
loric properties becomes the bottleneck for the implementation of 3D printing. In the present
work, spherical-shaped (Mn,Fe):(P,Si,B) magnetocaloric powders have been successfully synthe-
sized via gas atomization. The morphology, crystal structure, magnetic phase transition behavior
and the magnetocaloric properties have been studied using scanning electron microscope, X-ray
diffractometer and physical property measurement system. The gas-atomized powders are highly
spherical shaped, which benefits the mobility of the powders during the 3D printing process. The
small particle size with a narrow size distribution is good for increasing the spatial resolution and
the density of the printed heat exchangers. Besides that, the gas-atomized powders show a small
thermal hysteresis and excellent magnetocaloric properties. Additionally, the weight fraction of
the secondary phase is relative low in the gas-atomized powders, which will not dilute the magne-
tocaloric properties of the main phase. Consequently, the synthesized gas-atomized powders are
well suited for the 3D printing processing, which provides a new horizon for manufacturing mag-
netocaloric materials and thus paves the way for magnetic refrigeration applications.
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Figure 1. SEM morphology (a) and particle size distribution (b) of the gas-atomized (Mn,Fe),(P,Si,B) powders
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Figure 2. Rietveld refinement of XRD patterns for the gas-atomized
(Mn,Fe),(P,Si,B) powders
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Figure 3. Representation of the hexagonal (Mn,Fe),(P,Si) structure
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Figure 4. Temperature-dependent magnetization for the gas-atomized
(Mn,Fe),(P,Si,B) powders
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Figure 5. Temperature-dependent entropy change for a field change
of 1 and 2 T for the gas-atomized (Mn,Fe),(P,Si,B) powders.
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